In this issue of Clinical Cancer Research, Kwiatkowski and colleagues (1) report findings correlating mutations in TSC1, TSC2, and MTOR with response to rapalogs in patients with metastatic renal cell carcinoma (mRCC). The authors analyzed 560 cancer genes from tumor tissues of 79 mRCC patients treated with mTOR inhibitors who displayed distinct clinical outcomes. Response was defined as either partial response, or stable disease with any tumor shrinkage for at least 6 months, and non-response was progressive disease within the first 3 months of therapy. Based on such definitions, 43 responders and 36 non-responders were included. By focusing on somatic mutations of the 5 core mTOR pathway genes (MTOR, TSC1, TSC2, PTEN, and PIK3CA), these authors found that each of these five gene mutations were more frequently detected in responders than non-responders. This study added significant support to the available next generation sequencing (NGS) literature suggesting that TSC1 and TSC2 loss-offunction, or MTOR activating mutations could predict therapeutic benefits to Everolimus or Temsirolimus in various cancer types (2) . Intriguingly, this study also demonstrated that most (56%) responders did not and some (22%) non-responders did carry these mutations, respectively, explaining why only marginal statistical significance was observed.
What can we learn from the cancer genomics of these outliers in terms of deciphering individual cancer pathobiology and possibly making treatment decision? We cancer doctors/researchers need to better leverage NSG data with a few caveats in mind.
The first remark is "Number Matters", i.e. sequencing coverage, copy number, and how many regions sequenced are important determinants for the value of individual mutations.
High-coverage and multi-regional sequencing better capture the genomic landscape of analyzed tumors (3, 4) . The second remark is "Frequency Matters", i.e. varied allelic frequencies of mutations connote important therapeutic significance. Reported mutation frequencies of a given gene are heavily influenced by stromal contribution and clonal evolution. For example, clear cell renal cell carcinoma (ccRCC) is in principle a VHL mutated disease (5) . VHL mutations represent the truncal mutation event. Hence, the allelic frequency of VHL mutation can be used to gauge tumor purity. By assessing allelic frequencies of co-detected mutations within the same tumor sample one could assess the clonal composition within the tumor. The third remark is "Position Matters", i.e. not all For example, cancer genomics before treatment could offer prognostic/predictive values, whereas genomics after treatment likely offer clues concerning adaptive resistance mechanism. Incorporating these NGS "Matters" with corresponding therapeutic outcomes, we can now attempt reconciling these seemingly contradictory results about mTOR pathway mutations detected in both responders and non-responders.
One key lesson learned from studying targeted therapeutic outliers of a given cancer type is the recurrent theme about convergent evolution on select sets of oncogenic pathways (2, 6). More importantly, such pathway or phenotype convergences take places within the same tumor, among tumors of the same patient, and probably shared by the same histopathological subtype of given cancer types despite intra-or inter-tumor heterogeneity (2). For example, mTOR pathway activation due to either MTOR activation mutations or TSC1 loss-of-function mutations occurred at high frequencies in ccRCC where VHL mutation serves as the universal tumor-initiating event. This could explain why the two main categories of targeted therapeutic agents approved for the treatment of metastatic ccRCC are inhibitors of vascular endothelial growth factor (VEGF) or mTOR signaling pathways (8) . It also supports the notion that cancer metabolism plays key roles in ccRCC pathogenesis (9) . As VHL-loss and the resulting HIF hyperactivation are nearly universal in the pathogenesis of ccRCC, it would predict VEGF inhibitors such as Sunitinib, Pazopanib, and Axitinib to be more efficacious than mTOR inhibitors such as Everolimus and Temsirolimus in ccRCC (10) . This was indeed supported by multiple Here, we employ three different ccRCC evolution scenarios that all start with VHL mutations and incorporate mTOR activation to illustrate the importance of knowing the spatiotemporal sequence of mTOR activation during pathogenesis, and surmise how sequences could impact treatment outcome (Fig. 1) . Scenario (1) starts with VHL mutation, followed immediately by mTOR pathway mutation, which renders nearly all ccRCC subclones of this tumor addicted to the mTORC1 hyperactivity. Scenario (2) carries PBRM1 mutation as the early (second) driver event, followed by mTOR pathway activation as the intermediate (third) driver event, which renders major clones of this tumor sensitive to mTOR inhibitors. Scenario (3) starts with VHL mutation, followed by a few early, intermediate pathway convergences that do not involve PBRM1 mutations or direct activation of mTOR pathway, and only acquired mTOR pathway mutations late as late or speedy drivers, which renders limited or no benefit to mTOR inhibitors. 
